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MUI.TI-nRAM OPnCAI.SCANNKR 
BACKGROUND OF THE INVENTION 
The present invcniinn rcUies to a multi-hcam nptical 
scaauci aod more particularly lo a multi-beam optical scan- 
ner realizing a light spot in an appropriate form on a scanned 
surface and efifeciivcly reducing degradation in image qual- 
ity of a recorded image due lo pilch deviation. 

BACKGROUND OF THE INVENTION 
An optical scanner has been known in relation to an image 
forming apparatus such as a digiul copying machine, an 
optical piiotei, and an optical printing machine or the like. 
In the optical .scanner as dcscrihcd ahove, there has beer 
proposed a mulu'-bcam optical scanning system for optically 
and concunently scanning an image with a plurality of 
scanning lines for the purpose of speeding up an operation 
for writing images by way of optical scanning. 

In the multi-beam optical scanning system, there is some- 
limcii a case where scanning lines fur optically and concur- 
rently scanning are not adjacent to etch other. Theie has 
been proposed, for instance, in Japanese Patent Publication 



n/,/73 No. HEI 6-4[l]8846, a so-called "interlace scanning" type of 



multi-beam optical scanner in which interlace scanning is 
4= executed hy means nf three scanning lines without one line 

tbcrebetwtxo. 

In the interlace scanning as described above, selection of 
l . a signal for modulating each beam is incgular, so that optical 

yj scanning is easily cnmplicated, and in addition, .scanning 

S . j lines for optically concurrently scanning arc also largely 

spaced therebetween, so that "a rate of piurh deviation" of 
' ^ optical scanning due lo a bend in the scanning lines becomes 

3 large, which makes it easy for image quality of a recorded 

image lo degrade. 

'—. In the mulli-bcun optical scanner, there arc istrid lesuic- 

tion over a magnification in an image-formation system 
^ provided in a space between the light source and tbe surface 

=fj for scanning due lo a relation between pitches. of scmniDg 

^ lines, and because of the restrictions over a magnification as 

yj described above, a position of ao optical system lo be 

^fj provided in a side uf tbe light source bum Ibe optical 

defiecior must be closer to tbe optical deflector, and for this 
reason, a layout of optical arrangemeni t>ecomes difficult. 

Funher, if a -hybrid" cnmhinalinn nf two nr more I T) 
light emitting sections or LED light cmining sections is 
employed as a light source having a plurality of light 
emitting sections used in the multi-beam optical scanner, 
there occurs a problem of "wavelength deviation" that 
wavelengths of combined light emitting sections arc not 
identical to each other, and when ihis wavelength deviation 
is present therein, cousiaut velocity cbaiacterisiics of optical 
scanning or the like may vary for each light emitting section. 

What is known as a multi-beam optical scanning system 
is disclosed in Japanese Patent Publication No. HEI 
7-111509, but in Ihis optical scanning system a focal length 
of a lengthy lens for correcting surface ofisei is as sbon as 
IS mm, and for this reason ihe lengthy lens is provided at a 
position close to the scanned surface, which makes larger a 
length in a direction corresponding to the main scaiming as 
well as cost of tbe lengthy lens higher, and also loner 
splashed irom a developing device generally provided adja- 
lenl lu ihc scanned surface easily makes ihe lengthy lens 
coniaminaiec. 

SUMMARY or Tlin INVCNTIGN 
ll is an objcci of ihe prcsenl invcniion lo effeclively 
rrduL-e lieuiauiiliun in image quaiily in a recurdcd imauc due 




to pilcb dmatioD, in addition, to enable effective reduction 
ol' cost of a Icngtby lens included in an optical system fci 
converging dcflcctedlighl fluxes nn the canned surface, and 
iilsu lu cQcclively supprcis cuDlinuDiiUuo of (be lenglby 
i lens due to splashed tonei. 

1 1 is aooibei object of the present invention to realize a 
multi-beam optical scaimer in which a layout of optical 
arranscmcni is easy arid which is bardlv affected by wave- 
length deviation in the light source. 
^° The multi-beam optical scaniKt according to the present 
invcDiiun uumpriscs a light suurcc fut a multi-beam, a 
coupling leos, a first image-formaiion system, an optical 
deflector, and a second image-formation system. 

Herein, the light source for a multi-heam is a monolithic 
light source io which a plurality of LD ligbt emitting 
sections or LED ligbt emitting sections arc arranged in a 
direction corresponding to an auxiliary scanning. The ligbt 
source for a multi-beam can also comprise a plurality of LD 
ligbt emitting sections or l^D ligbt emitting sections by 
^ means of hybrid combination tbereoL A plurality of light 
emitting seaions obtained by the hybrid combination 
ibereof arc different bodies from each other. 
Herein the direction oonesponding to auxiliary scanning 
^ is defined as a direction oonesponding to a direction of 
auxiliary scanning in parallel on a virtual ligbt path linearly 
extending along an optical axis in a ligbt path from the light 
source to the scanned surface. 
The coupling lens is a lens lor coupling a plurality of light 
Q ^ fiuxcs bom the light source for a multi-beam to an imagc- 

forming optical system (optical system for forming on the 
^ scanned surface images in a plurality of light emitting 

^ sections in the light source for a multi-beam). A mode of 

nj coupling can be a mode for converting ligbt fluxes from light 

j_T jj cmiuiog scctbns coupled to each olbcr lo parallel light 

'~ fluxes or a mcxie in which each of light ftuxcs hecomet one 

ijj having weak ooovergiog performance or weak diverging 

l.| perfonmana. ' 

^ The first image-formation system is an optical system for 

i 4J 40 focusing a plurality of light fluxes coupled by the coupling 

J lens and forming an image as a plurality of line images ea^ 

; ; long in a direction concsponding to ibe main scanning, and 

can use a convex cylinder lens or a concave cylinder mirror 
O without having power in the direction corresponding to the 

4} main scanning. Herein a direction concsponding to main 
^ scanning indicates a direction concsponding to a direction 

^ of main scanning in parallel on the vinual light path. 

\0 The optical dcflcaor is a means having a deflecting 

.^ ri reflection surface provided adjacent to a position for forming 

^ 50 2" image out ol a plurality ol line unages for deflecting a 

plurality of light (luxes, and a known polygon mirror, a 
rulaling iluublc-lacr minui, or a ruuiiog singlc-fai'c mirrui 
or the like may tx used lor this purpose. 

I'bc second iruagc-lormaiion system is an optical system 
for scparalinf a plurality nf light lluxcs deflected by ihc 
optical dcfiecior lioiii each oiIki iu au auxiliary scanning 
direction on a scanrxd surlacc and converging the plurality 
of light fiuxcs as a plurality of light spots optically scanning 
Ibe surface lo be scanned in accordance with deflection of . 
6C ibc light fluxes, and includes a lengthy lens presided on the 
side oi e scanned surlacc. Namely, ibe second image- 
formation system comprises a f6 Icus aud a lengthy lens 
provided on ibc side ul the scanned surface ihcrcuf. 
The lengthy lens is a lens having tMnction of ccnectin^ 



I 'ihi ^ ^ surface offset [and curve of an image surface] each in the 

j7 optical deflector and curve of an image surface such as a lengthy cylinder lens or a lengthy 

luruidal leas ui the like. The Icnuiby loroiJal lens may also 




include « barrel-shaped toroidal surface as a concave lens 
surfaix with a curvature radius thereof in a direction conc- 
.spnnding to auxiliary .scanning being smaller in accordance 
with its separaliun (rum the optical axis in a direction 
corresponding to the main scanning. 

The second image-formation system may comprise a 
coistant-velocily optical-scanning image-forming miiror 
and a lengthy toroidal lets as a lengthy lens provided on the 
side of the scanned surface other than the configuration by 
combining two types of lens as described above. 

A lateral magnification P in a direction corresponding to 
the atutiliaiy scaiming in a composite system of the optical 
system between the light source fot a mtiUi-bcam and the 
jtcanned surface satisfies the following expression: 

and a plurality of light spots optically scan scanning lines 
adjacent to each other. 

The lateral magnification p is made larger than 2, and by 
employing a "scaling-up type" of composite system, a 
lengthy lens included in the second image-formation system 
can effectively be separated from Ibe scanned surface. 

Also, when the lateral magnification p in the composite 
system is larger than 8.S times, in order to realize a pitch of 
scanning lines of 84.7 fan corresponding to the minimtun dot 
density of 3(X) dpi required to the optical scanner, a space 
herwecn light emitting Mctiom in the light source for a 
multi-beam becomes not more than 10 fan, and "thermal 
crosstalk (a phenomenon that light emission in other light 
emitting section is affected by heating in one light emitting 
section)" between LD light emitting sections or LED light 
emitting sections rapidly inaeases, so that it is difficult to 
control dlvntely hiinlring of each of the light emitting 
sectioiB. 

The light source for a multi-beam has also two LD light 
emitting sectiom, and the two light emitting sections can be 
provided at symmetric positions with respect to an optical 
axis-of a collimate lens. In this case, as a light source for a 
multi-beam, one having a space between the two LD light 
emitting sections of 14 fan is used, and a lateral magnifi- 
cation P in a direction curnsspunJiDg to the auxiliary scan- 
ning in the composite system of an optical system between 
the light source for a multi-beam and the scanned surface 
can be made 4.S36 times. 

Funher. by satisfying the conditions, the lengthy lens 
inchided in the .second image-formation system can effec- 
tively be separated Crum the iicanneJ surface, and in order tu 
realize a pitch between scanning lines of 84.7 ftm corre- 
sponding to the minimum dot density of 30O dpi required to 
the optical scanner, a space between light emitting sections 
in the light source for a multi-beam can be maintained by not 
less than I n /nn with which thermal crrewtalk does not occur. 

In the present invention, a diameter of a light spot or a 
pitch between scanning lines on the scanned surface are 
decided mainly I^Xipeans of an Itnage forming mapnification 
in " an optical system in the side of the light source side" and 
an image-forming magnification in the second image- 
formation system accordi ng to a c oupling lens and the first 
image formation system. 

The image-furming magnification of the optical system in 
the side of the light source is decided by means of a 
mapni ficadon of the couplin^L lens a nd an image-forming 
magnification of the first image-formation system, however, 
a light flux coupled by the coupling lens is weak in con- 
verging performance or in diverging performance even in 
both ciijics where the light Dux becomes a light flux to be 



coDverged aad where it becomes a light flux to be diverged, 
so that a value of an image-forming magnification of the 
optica] system in the side of the light source becomes 
substantially close to a ratio between a local length oC a 

5 coupling lens and that of the first image-formation system. 
When the vahie becomes lower than a lower limit of the 
condition (I), a focal length in the first image-formation 
system for realizing a magnification required for an optical 
system in the side of the light source becomes smaller, and 

10 the first image-formation system approaches the optical 
deflector too close, which causes an obstacle for a layout of 
the optical arrangement. Especially, when the first image- 
formation system comprises "a piece of lens", and the 
second image-formation system iiKludes a constant-velocity 

15 optical-scanning image-forming mirror, sometimes there 
may occur a case where a light flux reflected on the 
cunstanl-velucity uptical-scanning image-Iurming mirror is 
truncated by the flist image-formation system. 
Other objects and features of this invention will become 

20 understood bom the following description with reference to 
the accompanying drawings. 

BRIhh' UHSaill'nON OF IHt DRAWINGS 

^ nCS. lA and ID sbavf views each for explaining 
Embodiment 1 of the invennoa according to claim 1 of the 
^rescol invention; ^ 

FIGS. 2^ and 2B show views each for explaining optical 
arrangement in Embodiment 1 shown in RGS. 1 A and IB; 
30 FIG. 3 shows views each for explaining a deviation rate 
of a pitch; 

FIG. 4 shows views each for explaining a deviation rate 
of a pitch in ta example of comparison; 

FIGS. 5A and 5D show views each for explaining 
^ Embodiment 1 of the present invention; 

FIGS. 6A arid 6B show views each for cxplaitnng optical 
amngemeni in the embodiment shown in FIGS. 5A and SB; 

FIG. 7 is'a view for e)q>lainiiig a lengthy toroidal lens as 
^ a lengthy lern included in the .second image-formation 
system; ^' 

nCS. 8A to «H''show views each showing curve of an 
image surface as wcll as constant velocity characteristics to 
a light flux from each uf light emitting sections in one uf 
45 examples for, carrying it out for Embodiment 1 shown in 
HGS. 5A and SB; and 

FIG. 9 i/a view showing cur%'ature states of four scanning 
lines concurrently scanned in the above example for 
Embodiment 1 shown in FIGS. SA and SB. 
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DESCRIPTION OF THE PREFERRED 
EMBODlMhNlS 



In FIG. lA. a light source 1 for a multi-beam is, as shown 
in Fig. IB, a monolithic semiconductor laser having two I.D 
light emitting sections la and lb provided therein so that the 
two light emitting sections la, lb are arranged with a space 
d in a direction conesponding to the auxiliary scanning. 
In HG. lA, both of two light fluxes radiated &om the two 
M LD light emitting sections la and lb in the light source 1 for 
a multi-beam are converted to parallel ones by a coUimate 
lens 2. 'llic LU light emitting sections la and lb in the light 
source 1 for a multi-beam are provided at positions each at 
an equal distance (d/2) from lUe optical axis of the coUimalc 
55 lens 2 respectively. 

The two light fluxes radiated £rom the coUimate lens 2 arc 
L'ul uIT in each uf peripheral secliuos of the light Duxes by an 
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aperture 8 for beam fonnatioD to enter a cylinder lens 3 as 
a first image-formiition system. 

The cylinder lens 3 has positive power only in a direction 
corresponding to the auxiliary scanning, fociueft the two 
light fluxes only in the direction corresponding to the 
auxiliary scanning respectively, and forms an image as two 
line images each long in the direction corresponding to the 
main scanning. 

Apolygon mirror as "an optical deflector" has a deflecting 
reflectioii surface 4 adjacent to a position for forming images 
of the two line images and deflects the two light fluxes. The 
deflected two light fluxes are separated from each other in 
the auxiliary direction on the scanned surface (the peripheral 
surface of a drum-shaped photoseositive body) 7 accordiog 
to an f6 lens 50 (comprising two pieces of co-axial lenses 5a 
and Sb) constituting "the second image-formation system" 
and action of image-formation by a lengthy lens 6 for 
correcting surface oSset, and are converged as two li^t 
spots optically and concurrently scanning the surface to be 
scatmcd in accordance with deflection of the light fluxes. 
The lengthy lens ti is "a lengthy toroidal lens". 

In the embodiment shown in FIG. lA, the light fluxes 
passing through the second image-formation system are bent 
in their light path by a light path bending mirror 9, are 
focused on the photosensitive body 7 with the peripheral 
surface thereof matching v^-ith the scanned surface, and 
optically scan the peripheral surface thereof. Accordingly, 
the scanned surface is optically and concurrently scanned 
with two scanning lines. 

FIGS. 2A and 2B show optical arrangement "on the 
virtual light path" as described above liocarly exteodiilg 
along the optical axis the distance from the light source 1 for 
a multi-beam and the scanned surface 7, and in FIG. ZA, the 
vertical direction indicates "a direction corresponding to the 
main scanning", while in FIG. 2B. the vertical diicctioo 
indicates "a direction corre.sponding to the auxiliary scan- 
ning". 

The fe lens 50 and the lengthy lens 6 make, in the 
direction corresponding to the auxiliary scanning, the posi- 
tion of the deflecting reflection .surface 4 and that of the 
scarmcd surface 7 have a conjugational relation, and for this 
reason the lengthy lens 6 has a function of correcting 
"surface oEEset" of the polygon mirrors an optical deflector. 
Assuming that a focal length of the collimate lens 2 is f^ a 
focal length of the lengthy lens 6 is f,, the relation therebe- 
tween is fi<fj. 1 



Description is made for Embodiment 1 of the invention 



according to claims 3 to 6 of \be present invention with 
reference to FIGS. 5A and SB. \ 



In FIG. 5A. a light source 10 fur a muhi-beam is a light 
source with a plurality of LD light emitting sections (four 
sections in the figure) or LED light emitting sections 
arranged in the direction corresponding to the auxiliary 
scanning. 

A plurality of light fluxes from the light source 10 for a 
muhi-beam are coupled to the "image-forming optical sys- 
tem" by a coupling lens 15, each of the light fluxes becomes 
parallel fluxes, or a flux weak in converging performance or 
weak in diverging performance, a diameter of which is 
restricted by an apernirc 20 for beam formation, goes into a 
piece of cylinder lens 25 as "the Crsl image-formation 
system having positive power only in the direaion corre- 
sponding to the auxiliary scanning", whereby images are 
formed as "a plurality of line images each long in the 
direction corresponding to the main scanning" on a place 
adjacent lo ibe deflecting reflection surface of the polygon 
mirror 30 which is an optical UcQcclur. 
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The plurality of light fliues dcBected by tbe polygon 
mirror 30 go into the coosKnt-vclocity opUcal-scaaning 
image-rnnning mirror 41 to be reflected therefrnm, separate 
(mm each ultier in the auxiliary ^-annjim Uirectiun ud (he 
5 peripheral surface of the drum-shaped photosensitive body 
500 actually fonnicg the "scaiuied surface" through a 
lengthy toroidal lens 45 as a lengthy toroidal lens together 
with the constant-velocity optical-scanning image-forming 
mirror 41 constituting the second image-formation system, 

10 are converged as a plurality of light spots (four ^ts in the 
figure) for optically and concurrently scanning the scanned 
surface in accordance with deflection of tbe lig;bt fluxes, and 
a phirality of scanning lines SI, S2, S3. S4 are optically and 
concurrently scanned. The scanning lines SI. S2. S3, S4 are 

15 "adjacent to each other". 

A lateral magnificatioa P in the direction corresponding to 
the auxiliary scaiming in the composite system (the coupling 
lens 15. cylinder lens 25, onnstant-velna'ty optical-scanning 
image-forming mirror 41, lengthy toroidal lens 45) of the 

20 optical system between the light source 10 for a multi-beam 
and the scanned surface is a ratio D^o/Dio between a space 
Dio of two adjacent light emitting sections in the light source 
10 for a multi-beam in the diicction corresponding to the 
auxiliary scanning and a ^ace D20 of scanning lines by light 

2* ^is according to light fluxes from those light emitting 
sections, and is set in a range of "2<flS8S". 

The constant-velocity optical-scanning image-forming 
mirror 41 reflects light fluxes deflected at constant velocity, 

^ has, together with the lengthy toroidal lens 45, functioiB for 
forming images on tbe scaiued surface as light spots as well 
as for making constant tbe scanning q>eed of the light spots, 
and because of this function for constant velocity thereof, 
this mirror is called as "a constant-velocity optical-scaiming 

^ inuge-Iuiniing minur". 

MU. SB shows a state of tbe light path from the polygtn 
mintiT 30 tn the photnwnsitive body 500 viewed from the 
direction coricsponding to the main scaiming. Tbe constant- 
velocity optical-scaiming image-forming miiror is shifted to 

^ the upper side in the figure by a shift rate AZ as shown in 
FIG. 5B for separating the incident light path of deflected 
light fluxes from the polygon mirror 30 from the light path 
cf reflected and deflected light fluxes. 
In a case where the second image-formation system 

45 comprises an fe lens and a lengthy toroidal lens, although 
there is a problem that effect of constant velocity according 
10 the CG lens is changed in accordance with a wavelength of 
a light flux and optical scanning with each light spot is 
executed at a different scanning speed if there is •■wave- 
so I'Dgth deviation" in a light source for a multi-beam, a light 
Qux reflected and deflected by tbe constant-velocity optical- 
scanning image-forming mirror is not affected by wave- 
length deviation, and for this rea.<«>n, the above pmhiem doej* 
not occur even if a light source for a multi-beam comprising 

55 "two or mote U5 light emitting sections or LED light 
emitting sections in hybrid combination thereof" which 
might generate wavelength deviation is used. 

An element monolithically having two or more LO light 
emiuing sections or LED light emitting sections may be 

6c used for a light source 10 for a multi-beam, or "an element 
baving two or more LD light emitting sections or LED light 
emiuing .vctinns in hybrid combination thereof" may al.so 
be used as described above, 
la the embodiment described above with reference to 

65 nCS. LA and IB and HGS. 2A and 2B, resolution on ihe 
scanned surface by meansof optical scanning was set 10 400 
-pi (a pilch between scanning lines: 63.5 /<m, a distance in 
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FIGS. 2A and 2B:d7). An element having a space d between 
the two LU light emitting sections la and 16 of 14 /tm was . 
iLsed ax the light source 1 For a multt-heann. 

A lateral magnification pm in the composite system . 
inchiding the collimate lens 2, the first image-formation 
system 3, and the second image-formation system (the 
feiens SO and the lengthy lens 6) in the direction corre- 
sponding to the auxiliary scanning may be set to 633 um/14 
.um-4.S36 times. 

When it is set, "a distance from the optical axis of the 
collimate lens 2' to each of the LO light emitting sections 
la, lb in the light source 1 for a multi-beam is 7 fan. The 
lateral magnification p of 4.536 times satisfies the condi- 
tional exprcwion (1). 

As a result of designing the collimate lens 2, cylinder lens 
3, fG lens 50, and lengthy lens 6 to realize the above lateral 
magnification ^ which is 4.S3<> limes, the following values 
are obtained such as a focal length of the collimate lens 1: 
fx- 15 .9 15 mm and a focal length of the lengthy lens 6: t^-lO 
mm, so that the lengthy lens 6 can be provided sufficiently 
apart from the scanned surface, which makes it possible to 
effectively reduce dirt thereonto due to splashed toner. 

Also, the distance between the LD light emitting sections 
la, lb in the light source 1 for a multi-beam and the optical 
axis of the collimate lens 2 is small such as 7 fan, and a 
deviation rate of a pitch described later becomes smaller, 
whereby it is possible to sufficiently insure fidelity in repro- 
duction of a recorded image. 

The distance between the LD light emitting sections la, 
lb and the optical axis of the collimate lets 2 is small such 
as 7 .um, whereby wave surface aberration of two light fluxes 
raditted from the collimate lens 2 is also small, so that 
s degradation in a fnnn of a light s^t due to the wave surface 

abemtiin hardly occurs. 
FIG. 3 shows, in a case of the above embodimenl, states 
W< of two scanning lines 11, 12 co n c u ir eo tly and optically 

M' scanned by iwu light spots by exaggerating them. Any of the 

ffi two LD light emitting sectiocB l/>, 16 in the U^t source 1 

^ for a multi-beam is not present on the optical axis of the 

collimate lens 2 (which is matched with the optical axis of 
the cylinder lens 3 and the f8 lens 50/lengthy toroidal tens 
6) , and the two .scanning lines become curves each bent in 
the direcliun uf auxiliary scanning. Tlie LD light emitting 
sections are provided at positions "symmetric in the direc- 
tion corresponding to the auxiliary scaiming" with respect to 
the optical axis thereof, so that curves of the scanning lines 
also become "forms symmetric with respect to the direction 
corresponding to the auxiliary scanning". 

As shown in HU. 3, it is assumed herein that "a maximum 
value" of a space b between two scanning lines 11 and 12 
adjacent to each other is set to b, and "a minimum vahie" 
thereof is tu. 

A deviation rate A of a pitch between scanning lines i.s 
defined as described later acconling to a diHerence between 
the h, and b,: Ab-b,-b. as well as to a normal pitch (a pitch 
between scanning lines decided directly from dpi) P^^-, 

Generally, a devialiun rale of a pilch therebetween which 
can maintain fidelity in reproduction of a recorded image is 
assumed to be "not more than about 8 to 10%". 

In the embodiment, &h is 6.14 fan. P,v is 63.5 fan. 
accordingly, a deviation rate of a pitch is as tbllows: 
5^6.14/63.5))cl0O-9.7%, so ihat fidelity in reproduction of 
a reconJcd image can sufficiently be maintained. 
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For the purpose of comptrisoo, "three LO light emitting 
sections with a space d theieamong by 28 /an" are used as 
a light source for a multi-beim in the optical arrangement in 
the above embodiment as it is (the central light emitting 
5 section thereof is positioned on the optical axis of the 
collimate lens and each of the light emitting sections in both 
sides is apart by 28 /on from the optical axis thereof in the 
direction corresponding to the auxiliary scanning 
respectively), and the three scanning liiKS are scanned at the 
same time. 

The lateral magnification p in Ibe optical system (the 
composite system inchiding the collimate lens 2. the first 
image-formation system 3 and the second image-formation 
system) between the Ught source 1 for a multi-beam and the 
scanned surface is 4.536 times, and for this reason the three 
1^ light spots on the scanned surface are separated from each 
other by 28 /aDx4.S36-127 /<m in the direction of auxiliary 
scaiming. 

In this case, scanning lines to concurrently be scanned are 
"alternate lines" as shown in FIG. 4. Namely, scanning lines 

20 21, 22, 23 each indicated by a solid line are concurrently 
scaimcd in a first optical scaooing, scanning lines 31, 32, 33 
each indicated by a broken line are concurrently scanned in 
Ibe next optical scanning, and "''nning lines 41 , 42, 43 each 
indicated by a dashed line are concurrently scaimed in the 

25 following optical scanning. The same operatioiE are carried 
out thereafter and on. 

At that time, a deviation rate of a pitch &is a proportion of 
a difference hj/hj between the maximum .space h, and the 
m i n i mum space bctweea adjaocal scianiag lines as 

30 shown in FIG. 4 to a normal pitch (127 /<my'2-63.S fm) 
between scaiming lines. 

lo contrast to Ah-6.14 fm as described above in the 
embodiment, in this example for comparison, the space 
therehetween became^ four timen a.<i large ast that in the 

as em h od i menl such as Ah-24.S6 /an, the deviatioa tale of a 
pitch is such large as fonows:&-(24 J6/63.S)xl00-38.68%, 
to that fidelity in reproduction of a recorded image can not 
sufScieotly be maintained. 
Degiadatioa in a foim of a light spot due to wave surface 

40 aberration is also significant in two spots in both sides in the 
direction of auxiliary scanning out of three light spots, which 
also causes the fidelity in reproduction uf a recorded image 
to be degraded. 
The optical system in the multi-beam optical scanner 

45 according to the embodiment described above with refer- 
ence lo nCS. SA and 5B are coosvucted as shown in FIGS. 
6A and SB. FIO. 6A, FTG. 6B show a light path in a portion 
(rum the light source 10 fur a multi-beam lo the cunsuml- 
velocity optical-scanning image-forming mirror 41 in the 

so entire light path from the light source 10 for a multi-beam to 
the scanned surface assuming that the partial light path is 
"linearly extended". 

The light .vnirce 10 for a multi-beam ha.s m i^hown in 
FIG. 6B, four LD light emitting sections LDl, LD2, LD3, 

ss LD4 each with a wavelength of emitted light of 780 nm 
spaced tmiformly with a space P between the light emitting 
sections of 14 fan in the direction corresponding to auxiliary 
scaiming. 

The coupling lens 15 is "a plane-convex regular lens" 
60 having a curvarare radius of a surface in the side of ihe light 
suurce: rj.,,-oo(plane), a furvalure radius of a surface 
(spherical surface) in the side of the cylinder lens 2S:rr 
-10.2987 mm. a wall ihickness of Ibe lens: d^j^i mm, a 
wavelength of a material to a light having a wavelength 780 
65 nm: nc7-1.712205, and a focal length: f.14.46 mm. 

The cylinder lens 25 as one piece of the first imagc- 
Curmaliuo system having pusitivc puwer ualy in the diircc- 
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tioD correspoading to auxiliary scanniog bas a convex 
cylinder surface with a curvature radius of a line in the side 
nf the light source: r,~y,>29.5 mm, a cuA'ature radiiu in the 
side ot the deOecting reQection surface thereof: rcn-colu 
(plane), a wall thickness of the lens: d^^S mm, a wave- 
length of a material to a light having a wavelength 780 nm: 
Oct .1.511176, and a focal length in the direction corre- 
sponding to auxiliary scanning: fcy-S7.71 mm. 

Spaces of optical elements: Dj, Dj, D,, D4 on the light 
path, as shown in FIG. 6B, from the light source 10 for 
multi-beam to a deflecting reflection surface 300 of the 
polygon minor 30 are as follows: D, -12.569 mm, D^-M. 
46 mm, D3>20 mm, and D4-S7.8 mm. 

Each of the light fluxes coupled by the coupling lens 15 
is "a light flux weak in divergence", aixl a starting point of 
a virtual divergence is positioned at "-1712.082 mm" 
ublaincd by measuring a space from the rcQecling surface uf 
the constant-velocity optical-scaiming image-forming mir- 
ror 41 to the side of the light source. Namely, the coupled 
light fliues go into, asstuning that other optical system is not 
provided therein, the constant-velocity optiol-scanning 
image-forming mirror 41 as diverging light fluxes as if they 
|<=i are radiated from the position apart by -1712.082 mm from 

the reflecting surface of the constant-velocity optical- 
scamung image-forming mirror 41. 
-S The constant-velocity optical-scatming image-forming 

I mirror 41 is a reflecting mirror having "a reflecting surface 

! ~ with a concave surface of a coaxial nnn-spherical surface" 

obtained by rotating a curve indicated by the expression 
hi described below arotmd the X-axis using a coordinate in a 

r'i direction of the optical axis: X, a opotdinate in a direction 

^ crossing the optical axis at right angles: R, a paraxial 

nJ curvature: C(-l/R: R indicates a radius of a paraxial 

_ curvature) , a conical constant: K, and a cnefRdenl nf higher 

7 . order 

'= X(H>CH'/f*«tl-Cl*IQC'H' I+IAi-H" ... (2) 

Wherein the i-th power indicates the 4-th, 6-tb, 8-tb, 10-th, 
' 12-th, . . . power. 

yj In the embodiment which is now being described, the 

form of the reflecting surface of the constant-velocity 
optical-scanning image-forming mirror 41 is obtained by 

''^^ setting tbe above R, K, arid A. to values respectively as 

follows: 

R— 40J.04« mntX —1.46661. 



A,.j.l2269«10-'°, A,^.9.19756xl0-15,l 
i .1*»31 KlO"' *j^,o— 1 J9095« 10-" 



Assuming that a distance from the deflecting reflection 
surface 300 to the reflecting surface of the constant-velocity 
optical-scanning image-forming mirror 41 is set to "Lq" as 
23 .shown in FIO. 6A, 1^ is equal to 124. 179 mm. 

As shown in FIG. 6B, a sliifl rate of tbe constant-velocity 
optical-scanning image-forming mirror 41 is as follows: 
AZ-17 mm. The constant-velocity optical-scanning image- 
forming mirror 41 is also tilted by an angle in the direction 
corresponding to main scanning a„ of U.2 degree in a 
surface in parallel to the surface on which the light fluxes are 
deflected by Ibe deflecting reflection surface 300. 

The lengthy toroidal lens 45 which is long in tbe direction 
corresponding to main scanning is provided on the light path 
from the constant-velocity optical-scaiming image-forming 
mirror to the scanned surface, bas an ordinary "normal 
toroidal surface", as shown in FIG. 7, as a convex surface of 
the lens surface thereof, and is provided so thai this normal 
loruiUal surface is directed lu the side uf the scanned surface. 
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The concave surface in the side of the constant-velocity 
optical-scanning image-forming minor 41 of the lengthy 
tomidal lens 45 is "a barrel type of toroidal surface obtained 
by rulaling a curve having a nuQ-<ircular arch (in the Ggute, 

5 described as "a non-dicular curve'. It is generally described 
by the expression (2)) around the rotation axis in parallel to 
the direction corresponding to main scanning, in which a 
radius of the curvature in the direction corresponding to 
auxiliary scanning decreases with disUnce from the optical 

iO lens in the direction of main scanning". 

It is assumed that each radius of the curvature, of the 
lengthy toroidal lens 41, on the optical axis in the direction 
corresponding to main scanning is described respectively as 
follows: rj^ (a side of the constant-velocity optical-scanning 

15 image-forming mirror), r^i, (a side of the scanned surface), 
fji. (a side of the constant-velocity optical-scanning image- 
furming mirror), and r„. (a side of the scanned surface) To 
discriminate the expression (2) indicating "a non-ciicular 
curve" shown in FIG. 7 from a case indicating a form of the 

20 reflecting surface in the constant-velocity optical-scanning 
image-forming mirror 41, x(H) is expressed as follows: 

X(H)-CH'/(l ♦/Il-(J4.K)CH' I-fln.-H' ... (3) 

y and relating to the barrel type of toroidal surface, the form 
thereof is specified by giving the following values: r^j 
(-1./C); 

'Mi-M^^Al^ti^i^io- 1' >'> assumed tfaal a wall tbickness 
of the lengthy toroidal lens 45 on the optical axis is d,^ and 
a wavelength thereof is n,^ 

^ As shown in FIGS. 6A and 6B. a light path length from 
the constant-velocity optical-scaiming imagc-tbrming mir- 
ror 41 to the lengthy toroidal lens 45 is set to "L" with a 
deflecting angle of zero (0) , and a distance from the side 
face of the scanned surface of the lengthy toroidal lens 45 to 

^ the scanned sur&ce 500 is set to "Ds". 
Those vahies an as described below: 

ijni-en. 522 mmJC — j.717J, 

•.— 8.«57»2xl0-"',«,-1.09879«l(r", 

40 

•..1.474Ji<10-'Vui-2-92312j<10-= 

rji-69.2,dn,-3.2J4.nn,-1.5721 

ru7-6«7.087 mBv„ J0.8 mm 

L-10J.53 mm, D,-12;j7 mm 

The lengthy toroidal lens 45 i.s .shifted, as .shown in FlfiS. 
6 A and 6B, by a shift rale Zj jof 7.6 mm upward frum a plane 
surface formed according lo deflection of light fluxes with 

;c the optical axis thereof deflected by the optical deflector, and 
the optical axis thereof is tilted by a tilt angle: 
degrees toward the plane surt'acc. 

FIGS. 8A to 8D show curves of image surfaces (the 
broken line indicates a direction of main scanoing, the solid 

55 line indicated a direction of auxiliary scanning) in an angle 
of view of a40 degrees and constant-velocity performance 
(computed by the expression of fB characteristics) in the 
multi-beam optical scanner having the configuration 
described above. flG. 8A to TIC. 8D correspond to light 

60 fluxes radiated from the light emitting sections LDl to LD4. 
respectively. The curves of image surfaces and constant- 
velocity performance are found extremely sufficient to any 
of the four light fluxes. 
FIG. 9 shows states of curves in four scanning lines SI to 

i5 S4 concurrently scanned (correspond to the light fluxes from 
ibe light emitting sections LDl to LD4, respectively). A 
!.urving rale of each scanning line is quiu: small such as 15 
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10 28 /on as compared to a sctnoiog width in ihe diteclioD 
of mail) scanning of 297 mm. Also, any of ihc four scanning 
lin« conoinenlly scanned are directed lo Ihe sanK direction 

in Ibt: curve ibereof, and for ihis rtasun, cadi piicb between 
scanning lines is uniform, and "piich deviation" (hereof is 
quite small such as 1.3 to 1.7 /jm. That is because "a 
constant-velocity oplical-icaoning image-forming mirror is 
used". 

The lateral magnilicatioD (] in tbc composite system of the 
optical system from the liglil source 10 for a mulli-4jeam to 
Ihe scanned surface 500 in Ihe direction corresponding lo 
auxiliary scanning is 3.02 times, which satisfies the condi- 
tion (1). 

A literal magnification p, in Ihe optical system 
(comprising the first image-formation system and Ihc cou- 
pling lens) from the light source ]0 for a multi-beam to the 
deOeciina reflcciiun iiuifacc in ihe direciiun currcspunJing 
to auxiliary scanning is 4.137 times, and a lateral magnifi- 
cation P; in the second image-formation sysiem-beiween the 
dcSeaing reflection surface and Ibc scanned surface in the 
direction corresponding lo auxiliary scanning is 0.73 times. 
The lateral magnification P, is a value close lo a vahie of a 
ratio: l^'l^^i.991 bclwceu a focal length of Ibc coupling 
lens: f^^ 14.46 mm and a focal length of the cylinder lens 
25 as the first image-formation sysum in the direction of 
auxiliary scanning: fo'S?.?! mm. 

It is considered that each pilch I'o between the light 
emitting .-^clion.s I J)l to 1.04 i.^ around 10 fan allowable as 
a minimum pitch lo avoid the "thermal crosstalk" or the like, 
and if it is considered that the maximum value of an image 
density for optical scanning is 1200 dpi, the lateral magni- 



fication p is [5]2A 1 7 to the pitch of of 10 jim at that time, so 



ibat. in a case where the above ckment is used as the aeoood 
image-fnmiaiinn KyMem, in a (rwal length f^., of the cou- 
pling Vcm. a range (ram S lo 25 mm is coosidered as a 
practical limitation thereof tucfa ibat a lateral magniScalKM 
P, in the aide of light source from the deBeaiog icflectioa 
surface i& 2.9 (2.1 1 7A).73), and a range of a focal length fo- 
ol Ibc hrsi imagc-iormation system combined with the 
cnuplinf. lens a.^ described above in the direction cone- 
Njinnctinf: lo mixiliary scanning is 14.5 to 72.5 mm. When the 
liK nl li-nyih r,-,. is Mnallcr, a layuui of the optical arrdngc- 
incm IS difficult because the second imace-l'ormation system 
is close 10 the deflecting reflection surface. When the lower 
limn ol a local length fo- is 5 mm from conditions for the 
liYout. Ibc lateral magnificaiion |i is preferably larger iban 2 
shown in the condition (1). 

Wicn the minimum value of an image density for optical 
scanning is 300 dpi and assuming that the pitch beiweec 
liilbt emiuing sections Pg is set to 10 urn, the lateral 
magnification pis not more than 8.5 limes in adjacent 
scanning as shown in the condition (1). In the magnification 
more ihan the above value, Ihe pitch ihereherwcen w smaller 
than lO/im, whidi causes a problem of thermal crosstalk to 
occur. 

As described above, with the present invention, it is 
possible 10 realize an entirely new multi-beam optical scan- 
ner. With the multi-beam optical scanner according to the 
present iir^'enlion, it is possible to maintain fidelity io 
reproauction of a recorded image in a good cooditioa bv 
elleciively reducing a dcviaiiun rale of a pilch between 
scaiming lines for optical scanning. In addition, a lengthy 
lens o! the second image-formation system can be provided 
spaced from a scanned surface, so that dirl due to toner 
splashed from the lengthy lens can ell'ectively reduced. 

Also, scanning lines conciincnliy scanned are adjacent to 
each t.'lher. !>u thai there is no such a problem thai "sclcctiun 
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of a signal fot modulating each beam is irregular, whicb 
causes optical scanning to be easily complicated" like in the 
interlace scanning. 
Further, a position of the first image-formation system to 
5 be arranged is not too close to an optical deQector. so that a 
layout of the optical arrangement can easily.be provided. 

In tbe anotber aspect of the present inveotion, by using a 
constant-velocity optical-scaiming image-foiming mirror, 
tbe curves of a plurality of scanning lines concurrently 
scanned are directed to tbe same direction, so that, "a 
deviation rate of a pitch" is small even three or more 
scanning lines are scanned at tbe same linK, and for this 
reason, optical scanning for a recorded image can be realized 
in bigfa quality, non-uniformity in constant-velocity perfor- 
mance due to 'wavelength deviation" does not occur even if 
^> a light source for a mtUti-beam with two or more LO light 
emitting sections or LED light emitting section provided in 
"hybrid^ combination thereof. 

This application is based un Japanese patent applicaliuo 
Nos. HEl 8-142791 and HEl 9-002334 filed in the Japanese 
20 Patent OfiBce on Jun. 5, 1996 and Jan. 9. 1997, respectively, 
tbe entire contents of whicb are hereby iixxtrporated by 
tcfcrcnoc. 

_ Although the invention ha.^ been described with re.^pccl to 

yj a specific embodiment for a complete and clear disclosure, 

_P ^ tbe appended claims are not to be thus limited but are to be 

fi ; construed as embodying all modifications and alternative 

! ^ constructions that may occur to one skilled in the art whicb 

H= -I A fairly fall within the basic teaching herein set forth. 
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